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SUNSPOTS AND TERRESTRIAL TEMPERATURE IN THE UNITED STATES.' 
By ALFRED J. HENBY, Meteorologist. 
[Weather Bureau, Washington, ApQ 16,1923.1 

BpNOPSls. I have confined my work almost wholly to the observa- 
This study has for ita object a determinatioq of the magnitude of tional material for the United States, or substantiallj 

fluctuationa in terresftial temperature in the U~llted States that might that art of the earth's surfam between 750 and 125 , 
be attributed to chan s in the intensity. OF sol? radiation; a leas west P ongitude, and the pmallels of 300 to 500, north 
important object ia to &over whether vanations in the annual mean 
temperature of a limiqed region may be safely taken as representative latitude. 
of a much larger area in wluch the smaller area may be situated. At the outset it has been assumed that when the tem- 

The method followed was that of determining for one each year the perature of any considerable part of the earth's surface 
departure from the Of the mean for that is decidedly above or below the normal, it is reasonable to year, combinin these departures to form gronp means, etc. 

The oubmf feature of the annu l  deviations for the United attribute that condition to Changes in the irh3nSity Of 
Staw ia the eEfence of short period variations within the 11-year solar radiation. My first step was therefore to obtain 
EU q o t  cycle. For a time there seems to have been alt,ernatj-w the anilual deviat.ion of the temperature from the normal 
pleted in three, four, or five years. The magnitude of these short 
{eriod fluctuations of course varies in an irregular manner but i t  must area- 

e remembered that on the average of nearly 100 years the average In  the early part of the nineteenth century meteoro- 
annual deviation of the temperature from the normal in the United logical observations in the United States were cofined 
States is clcae to 0.7O F. to the eastern seaboard and nearby places. By 1816 

For the Period !87.&19W the Parallelism between terrestrial tern- obsemntions were available for but 12 oints all in the peraturea and vanahons in sun spots is fairly well marked, a heat 
m-m co-ondhg to a minunum of spob and vice vema. East. The number increased rather slow y in the ensuing 
Previous to that period, however, the parallelism is not so good and 10 years with this im ortant exception: In the early 
there are several cmes where the temperature variation is in the opposite twenties Surgeon &nerd of the Army directed the 

to that expected- The avew dewation for lo e Ochs Of taking of meteorological observations a t  Army posts, 
minimum spots coma out aa a small fraction of a degree Fagenheit 
in a neetive sen% becalm of the low temperature at spot minimum some Of which were 011 the western frontiers. By 1830 
of 1843 and 1856, respectively. For the 10 epochs of ot maximum, the total number of observin stations had risen to 52, 
1816 and 1837 were unusually cold aa ww to be expect3, on the other rnctically all east of the Roc a -y Mountains. That num- 
hand 1870 a ear of a large number of s ots high temperatures Prevailed, ger nras further illcreased to 94 in 1859, 'ust previous to as was also tKe case in 1848, 1960, anB1906. 
As the writer has previously stated it is next to impossible to disen- 

tangle the network of influences which produce terrestrial temperature and lVas about 70 when the Government Organized 
chanT: Untilsomemeansof allowing for the influence of the secondary a Weather service late in the year 1870. 
circu ahon (the movement of cyclones and anticyclones) is found it  18 1 have used t]le allllud means published in Weather 
hopeless to seek for effecta of changeq in the inten6it.y of solar radiation B~~~~~ Bulletill s, 1873 to 1905, alld the series was 

brought down to date by a plying a correction to the in the Temperate Zone of the Northern Hemisphere. 
I n  announcing the subject of this paper 1 feel iriclined ublished meails found in &e anllual re arts and the 

to apologize for threshin over SO much old straw; never- ~ ~ N T H L Y  WEATHER REVIEW to reduce t K em to means 

subject, using O d Y  the homoge1leous system of tern- planation in the interest of those who may wish to bring 
erature observations of the United States \veather t,he temperature data of Bulletin S d o m  to date. The 

bureau and in addition those collected and reduced by published means for the years 19'6-1922 have been 
the Smithsonian Institution for the period ending with &duced from the daily extremes; appropriate corree 
1870. Hitherto progress in mri17in a t  unequivocal tioiis to reduce to truo means are given i n  Bulletin S, 

Table 1. 
temperature data for extended regions well BS to T'ie allnun1 deviation for each year beginning eth 
other causes. Unfortunately large portions of tho 1780 is given in Table 1 below. flo attempt has been 
earth's surface are without records of long series tern- made to weight the earlier years 011 account of the few 
perature observations made under standard conditions observntiolls used but the number of stations used in 
of exposure and with standard inst,ruments, and this o1lt&linf the devintioll is given. Little importance is 
drawback is more serious than is generally realized. nttnche to the early part of the recod and it is given 
Some idea of the paucity of dependable obseryations sin1 ly for what it is worth. 
may be had when I t  is remembered that SO late as the T i e  mean annun1 deviation of temperature for the 

ear 1910, when the first volume of Reseau Mondial United States a ge.Ogry,%hic wit, countin from 1826 
gecame available there were but 111 normal temperature only, is very close to 0.7 F. ( 0 . 4 O  C.). #.h e greatest 
records in a zone GOo wide encircling the globe with the po&tive c{e&tion in the ninteenth century was 2.g0 F. 
Equator BS ita center. That number rose to 134 for the ( 1 . 6 ~  c.) in 1828, the peatest negative was 2 . 6 O  F. 
1914 volume, the last one received. Many of these ( 1 . 4 ~  C.) in 1S36. These, t.he oreatest deviations in a 
stations, howevm, a e  grouped in India m d  the adjacent century of observations, fall witkn less than 10 years of 
islands. The eat tropical are= of Africa and South each other. Comparing the above dates with the general 

telllperature ~str ibut ion in the North Temperate Zone, 
except for narrow fringes of the mast. Xt least five- for esample, it would appear that for the much greater 
sixths of the Tro ics is composed of a water surface and area the masirnuin of tem erature occurred in 1822 and 

stations. 
Tro ics it was deferred until 1837, the same year aa in 

. 
W m  and cold Years and af9b the cycle, cold-warm be for as many points possible nqthin the above-described 

s 

the War between the States; it fell off t i  uriiig that war 

theless it seems worth w R ile to make a brief study of the deduced from ?4 llourly observations. I make this ex- 

results has been retarded by the lac a of homoeeneous 

America are a T mose devoid of nieteorolo-ical stations 

the North 4 emperate Zone occurred in 1816, but in the 
is not therefore a : equately represented by meteorological for the f i o  ics in 1833. !he lninimuln temperature for 
- 

1 -ta~ Amsrirsn ~eteorolopieal Society at ~twhington. D. c., Apr. 16, the tn i ted  States. 1923. 
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TABLE l.-Mean annual dcmktion of t4?npratwefmm norm1 for the 
United States as n geographic nmt. 

[Figures wlthout sign are plus.] 
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1825 ............................ + P O  
18a8 + l . S  

1815 ............................ +2.9 

Ncaii ..................... +1.7 

............................ 
1827 ............................ 1 +0.7 

I- 
1835 ............................. -1.6 
1836 -2.6 
1837 ............................. -1.8 
1838 ............................. -1.6 

.................................. -1.9 
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0.4 
0.6 
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0 0  
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1911 
1913 
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1914 
1915 
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-1.3 
-0.1 

1.4 
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-0.4 

0.2 
-0.3 

n 7  
0. 4 
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-0.6 
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-n. 3 
1.3 
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0. 1 
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-n. .; 
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n. 4 
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0.1 
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-1.; 

n. 4 
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n. 7 
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-0.5 
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l.'a.riu,bili!y in thP ZPngth. qf sm-spot cycbe.-Ko pen and 

irregularly in length. This variability has been and is 
t,he source of much difficulty in determining whekher or 
not there is a connection between the two variables- 
spotbedness of the sun and terrestrial tem mature. 

Schuster wibh a view of discovering w g ether or not 
periodicities could be found in suns ot.6, sub'ected all 

of the periodogram. On dividing the record of sun spots 
for t,he period 1749-1899 into two approximately equal 
parts and analyzing the parts separat,ely he was able 
to infer that between 1750 and 1820 the 11-year period, 
though esisting, had on1 a slight intensity, being quite 

and 9+ years. He also arrived at the conclusion that 
these two periods were act.ive successively rather than 
simultaneouslv, and that .of the two periods the one of 
9 years was the most, important as regards the oberva- 
h n s  previous to t,he maximum of 1788, while that of 
13 and 14 years is brought in through the variations 
observed het.ween 1788 and 1839. 

others early recognized that the sun-spot cyce P varied 

available data t,hereon to a critical ana Y ysis by t h e process 

overpowered by two ot z ers wit.h periods of about 13% 

A series of warm years in the United States began in 
1825 and prevailed uninterruptedly until 1829; that 
ear was colder than the average by 0.6' F.; then fol- 

rowed five consecutive years with temperature somewhat 
above the average. A change to lower temperature set 

thus forming the most striking series of temperature 

I t  would seem as if the more or less regular variations 
showing maxima of intervals of rather more than 9 

ears were succeeded about l T 8 S  by three unequd but trig periods of 17.1. 11.2, and 13.5 years, respectively, 
and these afterward settled down to a fairly regular 

A Z , X , ~ ~ . ~ ~ L ~ O O , I W .  
in in 1835' continuing 1836J 1837r alld 1838J 3 Schuster A.: On the periodiclties of sun spots, Phil. Z'rand. Roy. 801% of London, 
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periodicity of 11.1 years. According to Schuster there 
EI evidence of a number of definite eriods. He deter- 
mined with considerable accuracy t $. e length of three, 
as follows: 4.79, 5.36, and 11.25 ears, res ectively. 

be helpful to briefly review the results achieved by in- 
vestigators - .  of the sun spobterrestrial temperature 

Before commenting upon the 2 gures of f? able 1 it, will 

relations. 
The studies of ICoppen,s beginninm with his original 

DaDer of 1573 and concluding with fhs recent DaDer of 
1- --I 

1914, stand in the-first rank gs regards t,horough&ss of 
treatment and the amount of d a h  made. available. 

He used material from 403 stations distribubed over 
the whole earth, and these he classed by c.limat,ic zones. 
His original conclusions were that in the Tropics parallel- 
ism between the variations in the mean annual t,empera- 
ture and those of sun spots is fairly well marked, also 
that the heat maximum of t,he Tropics occurs on t.he 
average nine-tenths of a year before the corresponding 
sun-spot minimum and is more retarded with distance 
from the Equator. The temperabure niinimuin in the 
Tropics occurs about the time of spot maximum. 
In his most recent work this retardation is not so 

much in evidence as it was in the eriod 1820-1850, and 

Tropics the heat maximum coincides with spot mini- 
mum: in the heat minimum, however, there is in the 
extra-tropics a slight retardation 0.9 year toward spot 
maximum. 

N e ~ c o m b , ~  on the other hand, finds that the maximum 
of temperature recedes the minimum of spots by 0.3 
year and that t R e minimum of temperature follows the 
maximum of spots by 0.65 year. 

Nordmans (1903), using data of 13 stations ranging in 
latitude from 19 S. to 23 N., conc.luded that-- 

The mean temperature of the earth is subject to a period sub- 
stantially equal to that of sun s ots; the effect of these spots is to 
diminish the mean temperature orthe earthr that is to say. the curve 
which represents the Variations of the latter I.E parallel to the inverted 
curve of frequency of Bun spots. 

Angot: using 16 series of observations, practically the 
same as those used by Nordman, and treating them hy a 
more rigorous method, concludes as follows : 
In summing up we find that of the 1G series thus studied 14 give for 

(a) [a conatant characteristic of each station and of each period of 
eolar activity a negative value and 3 a positive value; !he probability 
is then, acco r i  ing to these observations, 7 to 1 that an increase in the 
number of sun spots is accompanied by a diminution of the tempera- 
ture and inversely. 
By giving to the values of (a, deduced from observations of the various 

stahone. weights pro ortional to the number of aeries, we obtain for 
the final value of (a? -0.0033 C. in the value of the mean annual 
temperature. 

Newcomb floc. cit.), by a rigorousmathematical method, 
c.oncludes from an examination of a relatively large 
number of observations : 

1. A study of the annual departures over many regions of the globe 
in equatorial and middle latitudes shows consiatentl a fluctFtion 
corresponding in period with that of solar spots. h e  maximum 
fluctuation in the general average is 0.13 C. on each side of the mean 
for the tropical regons. The entire amplitude of the change is there- 

he now concludes that both wit E in and without the 

. 

pen W - obex mahrjliMge Perioden der Wlttempl insbesondere iiber dle 
1 L j S  h l i e  der Tem eraiur ZeifacJu der Ostrrtlehbchh Qrscfbehaft fur M e h -  fdq$8 &I 1873, XV, ld SV1,'lESI: ZCt: Zfdf. VI11 1891, S X S I ,  914. 

4 &comb. 8.: A search for fluctuations in the sun's thermal rdation thramh their 
influence upon terrestrial temperature Tram. Amm Phil. Soc. Philadelphia -1909. 

REV 31:p 371 la. 
6 Nordman Ch.: Compira R d u d  CAXXVI. PSris h 3 ,  repriited Ln Mo. W'EATEER 

e l k g o t ,  k.: Mo. WEATWB REV. 31: 371-2. 

fore 0.36 G . ,  or somewhat 1- than half a degree Fahrenheit. As this 
fluctuation has ample time to produce ita entire effect on the earth, 
we conclude from it that the corresponding fluctuation in the sun's 
radiation is 0.3 of 1 per cent on each side of the mean. 

Mielke (1913)' in an exhaustive study confirmed in 
large measure the results reached by Kop en in 1573. 

of evidence is in favor o 9 the existence of a vanation in 
the air tem errtture of the globe corresponding roughly 

spots corresponding with diminished terrestrial tempera- 
tures and vice versa. The amplitude of the variation, is, 
however, small as has been shown by several investi a- 
tors and amounts to less than a degree centigrade in t % e 
mean of the year. 

It is exemplified in the tropics and is uncertain 
and difficult to trace in temperate latitudes. 

The annual deviations in the United States as shown 
in Table 1 may now be considered. During the 11 1 years, 
1810-1921, specifically studied the average length of the 
interval between the epochs of spot minima and the im- 
mediately following spot maxima was 4.7 years and the 
average interval between epochs of minima was 11.5 
years. 

Summarizing the fore oing it appears t % at the weight 

with that o F the spottedness of the sun, an increase in 

F ~ ~ . Z . - h u s l  deviatlon in an 1l.l-yearperiod. The unsmoothed flgures am 
platted In the tull curve, the broken curve I s  from smoothed values. 

For convenience in discussing the data I have assumed 
R constant sun-spot cycle of 11.1 years and have tabu- 
lated the annual departures in horizontal rows of 11 ver- 
tical columns in the manner used by some meteorologists 
in detecting periodicities of a known or sus ected length. 

the vertical columns form the curves of Figure 2 the full 
line being the unsmoothed means and the broken line 
the same values smoothed by the common formula, 

The figures appear in the table below an 2 the means of 

~~ 

Mielb Johannes.: Die Tempecatumhwankungen 1870-1910 In ihrem VerlulW 
su der li-jahrigen Sonnenflechenperiode. Archiu & DrUlsFhk Srrrsarlc , XSXVl. 
No. 3, 1913. 
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-0.6 1.0 
-0.6 1.7 
0.0 -0.5 
0.3 0.1 
-0.1 0.1 

0.2 0.1 
0.6 0.1 
0.4-0.3 

0.6 -1.2 
-0.4 -a4 

TABLE 3.--dlcan annual temperaturf deviations within a Bun-8 ot cyck 
the p e c A n g  ami o j  11.1 yews (the mean for 186Y w comhmi 

SucCsGding g e m ) .  

[Flgures without signs am plus (+).I 

7 8 9 1 0  
__--- 

-0.1 -0.6 
0.4 0.1 
0.1 -1.2 
0.4 1.1 
0.0 1.0 

-0.3 1.3 
0.9 0.4 
2.4 ...... 

-0.1 a9 
0.2 -0.3 

Years. 

1811 ........ 
la22 ........ 
1833 ........ 
1844 ........ 
le55 ........ 
1667 ........ 
1878 ........ 
1888 ........ 
lsoo ........ 
1911.. ...... 

Yesns.... 

-- 1 

-2 2 
-0.6 
0.6 
0.3 

-1.8 
-0. 9 
0. 9 
0.1 
0.1 
0.5 

-0.30 

- 

- 
- 

0 

1.0 
0.9 
0.4 

-0.2 
0.0 
0.3 
1.4 
0.7 
0.4 

-0.9 

0.40 
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2 1 3  

1.3 -0.3 
-1.3 0.2 
-0.5 1 1.7 
-0.4 0.7 
-0.6 '-0.9 
-0.6 (-0.5 

0.6 0.4 

- 
-1.7 
0.7 

-1.6 
-0.3 
0.6 

-0.8 
-0.7 
-0.8 
0.4 

-1.3 

-0.55 
-- 

-0.29 0.05 I 

-. 
-1.5 
2.9 
0.0 
0.2 
0.4 

-0.5 
-0.5 

0.6 
-0.2 
0.5 

0.10 

- 
4 

-1.0 
1.8 

-1.8 
0.4 

-0.3 
0.9 
0.2 
0.1 

-0.4 
-0.5 

--_ 

-0.06 - 
There is evidence in both curves of the existence of a 

principal and, indeed, two secondary maxima within the 

Fro. S.-Annual deviation in a l%yOar eriod. Full curve unsmoothed, broken 
curve smootged values. 

ll-year cycle. The principal maximum occurs at time 
of s ot minimum according to espectation and the prin- 
c i p i  minimum of temperature occurs 5 years after the 
average epoch of spot minimum. The amplitude of the 
fluctuations IS, however, quite small, so small t$at in 
order to show it it is necessary to resort to the second 
decimal place in the means. When we examine the indi- 
vidual values in the table we me struck by the fact t.hat 
the c o m e  of the mean curve is determined h one or 
more large individual deviations such as occurreJin 1535 
1828, 1836, 1537, 1835. 1S70, and 1921. The peak of thd 
full-line curve in Figure 3 is reached solely by reason of 
the great positive departure of temperature for 1921. 
True the epoch of spot minimum is not far distant. If 
we combine columns zero and 10 we et 0.35 F. as an 
average of the heat maximum in the k nited States on 
the assumption of an 11.1-year period. This amount is 
just one-half of the average annual deviation, which as 

before stated, amounts to 0.7 F. The average of the 
heat minimum is 0.55 F. and we may say both resultg are 
of small signscance except from an academic point of 
view. 
As there seems to be some evidence of a 4- ear period 

I have tabulated the figures of the above tagle in hori- 
zontal rows of 13 columns, since both 3 and 4 are multi- 
ples of that number. 

The results of that tabulation are shown in Figure 3, 
where, as before, the unsmoothed means are 'ven in the 
full curve and the smoothed means in the bro f en curve. 

The full curve shows B progressive rise in temperature 
from zero year to column 7, thence a decline to a minimum 
in column 9 and a sharp rise to column 11 which corre- 
sponds to the 12th year in the series. Curiously all of the 
entries in that column are positive, which amounts to 

that from 1811 to 1931 the temperature every """'5 twelft. year was above the normal. On .the whole the 
results of this tabulation are negative so far as giving 
evidence of the reaIity of any penodicity is concerned. 

LARGE AREAS VERSUS SMALL AREAS. 

The question has arisen is it advisable to use areas of 
great geographic extent only moderately well covered by 
observing stations, in preference to smaller are- with a 

FIG. PSubareaa in United States used ln thc emputation. 

better network of stations. To secure information upon 
this point I have divided the United States into 10 dis- 
tricts or subareas as shown in Figure 4. 

The districts are numbered consecutively from west to 
east and from north to south. The mean deviation for 
each district hns been coniputed and the numerical values 
appear in Table 4 and are presented raphically in Figure 

with the results for the United States as a whole which 
appear in the curve so marked just below the curve for 
district No. 6. It is a matt.er of common knowledge that 
the Rockies sometimes form an n proximate dividing 
line between regions of positive anfregions of negative 
departures. The order of presenting the curves of 
Figure 5 is intended to show the deviations west of the 
Rockies in a group by themselves. 
sents the western part of 
northern California. No. 2 
and Plateau region; No. 5,  California 
cisco; and No. 6, the southern Plateau and Rocky 
Mountain region. The effect of oceanic control is seen in 
dist,ricts Nos. 1 and 5. 

4. The means are unsnioothecl an f may be compared 
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FIG. 5, Continued.-Annual deviation by subareas. 
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1 Probably too great. 

Durin t,he 48 years corisiclerecl there were three each 
fairly w e  9; 1 pronounced maxima and minima of tempera- 
ture, respectively, viz, m a s h i m  in 1878, 1900, and 1921, 
and minimum in 1875, 1893, and 1917. The int,ervala 
between the niaxinin were 22 and 21 years, and betaween 
ininima 15 and 24 years or a11 average of almut. 33 years. 
But even these escept.iona1 years do not show uniform 
deviat,ions in all parts of the c,ountay. In ge.nera1 t:he 
deviations are not uniformly in t.he same sense over the 
entire area. In  mrtny years the deviations on the Pacific. 
coast appenr to be daniped by the oceanic influenc.e and 
sometimes trhey .we in the opposite sense from those 
east of the Rockies, as in 1SS0, 1585, and 1911. 

The foregoing corn >arison while it does not yield 

in the belief previously expressed,* viz, that while 
clear cut definite resu \ ts, serves to confirm the writ,er 

terrestrial temperature is rimarily controlled by the 
output of solar radiation tg e immediate control which 
results in the day-to-day weather is almost wholly the 
result of horizontal convection or flow of air from low 
to higher latitudes and vice versa. In the Bjerknes 
te.rminolow the continuous shifting of the polar fronts 

magnitude than any which might reasonably be attri- 
buted to changes in the intensity of solar radiation. 
When these changes are integrated over a longer period, 
say, a month or a year, the net result is often a complex, 
because the shifting of an series of polar fronts is rarely 

up of a series of advances and retreats of une ual extent 
and duration. It occasionally hap ens that t, % e advance 

checked for so long a period as a month. Naturally 
that iiionth is unduly warm with res ect to the seasonal 

mean. The remainder of the year may have been close 
to the normal. 
This warns us that the year as a time unit is too long 

and that t.he region to look for evidences of a relation 
between terrestnal teni erature and sun-spot activity is 
not in that portion of t 1 e Temperate Zones which comes 
wit.hin the influence of moving cyclones and antic clones 
but rttther in the Tropics as already suggeste.8 by a 
number of writers. 

The negative result reached in the foregoing was not 
unexpected; it may have been due to one or more of a 
number of causes which for convenience may be stated 
in the form of questions: (1) Do teniperature observa- 
t.ions near the surface of the eart,h throw any light upon 
tlie originid intensity of radiation emitted by the sun? 
This is fundamental. (2) How shall nllowance be made 
for lack of observations froni the tropical oceans? (3) 
In what degree are land observations to be used as an 
index of the air temperature of the globe? (4) Is it a 
fact, as some have assumed, trhat an increa.se in the 
int,enaity of solar radiation will first warm the upper air 
(the stratosphere) and that the heat, so coniniunicated 
will later warm the lower la ers of t,he atmosphere (the 
t,roposphere) P (5) Is the atsor t:ion of solar radiation 
hy t.he earth's atmosphere so c, P etErly understood as t.0 
permit pro er allowance to he made for it ? ,4nd finally 

of volcanic dust is shot into the very high 
yuan atmosp ere as in 1883, 1912, and 1903 surface cooling 
results. The course of the curve in Figure 1 seems to 
support this view and pyrheliometer observations since 
1903 also lend support to it. 

is responsi % le for temperature changes of niuch greater 

continuous in one and t. iT e same direction but is made 

of e uatorial air, or, more correct P y speaking, air from 
niidc 1 e lat.itudes, t>oward the polar regions is not seriously 

normal and t.he excess warmth is re f? ected in the annual 

(6) the e.vic P ence sinc,e 1853 seenis to indicate that when a 
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